A 44 kDa protein is a dominant component of periplasmic extracts o f Neisseria gonorrhoeae. Peptide sequence generated from a cyanogen-~romide-cleaved fragment of this protein indicated sequence homology with elongation factor-T u (EF-Tu). Polyclonai antiserum was made against the 44 kDa protein purified from periplasm extracts o f N. gonorrhoeae. The preabsorbed antiserum was immunobiotted against whole-cell lysates on two-dimensional gels. A 44 kDa protein and a smaller 37 kDa protein were recognized by this antiserum. A N. gonorrhoeae R phage DNA library was screened and a done expressing a 44 kDa protein was identified. The DNA insert in this clone contained several genes homologous t o genes contained in the rtr operon of Escherichia coli.
INTRODUCTION
Elongation factor-Tu (EF-Tu) is a ubiquitous protein involved in protein synthesis and may compose 10% of the total cellular protein of a rapidly dividing Escberichia c d i bacterium (Van der Meide eb d., 1982) . EF-Tu has also been described as the dominant protein released in periplasmic extracts of E. coli (Jacobson eb 
d.> 1976). In
Gram-negative bacteria, EF-Tu is typically encoded by two almost identical genes, ttlfA and ttlfl. Therefore, EFTu is a generic term which may be applicable to either EFTuA, EF-TUB, o r both. These t u j genes have been identified and well characterized in E. mli and they differ in only one amino acid (Arai e t d., 1980; Jones c t d., 1980) . During conditions of nutrient limitation, EF-Tu appears to be methylated and cytoplasmidly membrane bound (Young & Bernlohr, 1991; Young et d., 1990) .
Southern analysis has demonstrated that the gonococcus [ Nelsseria gonorrhaeae) has two ttlf genes (Goldstein e t al.,
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1989); a situation similar to that in E. coli (Jaskunas e t d., 1975) and Scalmonsh gphimzdrium (Hughes, 1 990) .
The 41-45 kDa proteins of N. gonorrhoeae have had numerous characteristics described for them (Chen e t d., 1984; Hill & Judd, 1988 Judd e t d . , 1991; Shafer, 1988; Shafer & Morse, 1987; Swanson, 1981 ; Zak et a[., 1984) . Two closely migrating 44 kDa proteins have been found in periplasm and nonperiplasm fractions of N. gonorrhoea (Judd & Porcella, 1993; Porcella & Judd, 1993) . In an effort to determine which 44 kDa proteins are responsible for the observed characteristics, we purified a 44 kDa protein from the periplasm of N. gonorrhome. This protein was cleaved with cyanogen bromide (CNBr) and a peptide fragment was sequenced and found to be highly homologous to EF-Tu (Judd & Porcella, 1993) .
In this report we describe the further purification of this periplasm-associated 44 kDa protein and the production of polyclmal antibodies. This antiserum, designated 44 kDa periplasmic antiserum, was preabsorbed with E.
~o l i
lysates and immunoblotted against whole-cell lysates of N. gonorrhoeae. Transparent, non-piliated gonococci were grown at 37 "C on clear typing medium as previously described (Swanson, 1982) . Cells were passaged daily and large transparent colonies were selected. Cells were harvested at 18 h and washed twice in Dulbecco's PBS (DPBS).
Protein purification. Protocols for whole-cell lysates have been previously described by Judd (1982) . Periplasmic fractions of Izi. gonorrhueae were isolated as previously described (Judd & Porcella, 1993 )-Five hundred rnicrolitres of solubilized FA19 pcriplasmic extract was layered onto 9 % (v/v) SDS-PAGE preparacive gels and electrophoresed. Gels were stained and the 44 kDa protein was excised from gels and purified for antibody production following the methods described by Judd (1988) . Protein was quantified using Bin-Rad's BCA kit.
Preparation of antisera. Monospecific, polyclonal rabbit antiserum was generated against a N. gonorrhoeue strain FA19
periplasm-associated 44-kDa protein following standardized immunological protocols (Judd, 1992 gene. The LN, gunorrhoem DNA insert in clone 361 was first digested with Cia1 and EcoRI and a 1.7 kb fragment was gel purified. This 1.7 kb fragment, which contained the entire ty% gene as well as rpsJ, was cloned into the shuttle rnutagenesis vector pHSS6 via ClcdI and EcoRI sites and mutagenized following the guidelines previously described (Seifert ef al., 1986 Seifert & So, 1991) . pHSS6 constructs that contained mutagenized t.fA genes were BCR mapped using primers specific to the DNA 5' of the ti$A gene (5' GTTGA-AGTGGAAACTCCG 3', designated 5'Tuf) and 3' (5' AAG-CTTTCAGGCGGATAC 3', designated 3'Tuf) of the t.fA gene. Orientation of the chloramphenicol marker respective to the tzffA gene was determined using the 5'TufA or 3'Tu€A primers and a primer specific to the minus strand of the chloramphenicol gene (5' TCACCAGCTCACCGTCTTTC 3', designated Cat). A mutagenized hfA gene was identified which contained the inactivated transposon located within the tq-2 gene. The fragment of DNA containing the mutagenized ti/SA gene along with the flanking gonococcal sequences was cut from the vector using the restriction enzyme X o A and gel purified. Transformation of hT. gonorrhoeae was performed with the IVotl fragment and chloramphenicol-resistant mutants were selected following protocols previously described (Goodman & Scocca, 1992 ; Seifert & So, 1991) . Long incubation times and close observation of the plates were performed in order to detect extremely slow growing mutants.
PCR and Southern analysis of mutants. PCR was performed using a Perkin-Elmer Cetus Thermocycler and Tq polymerase, under reaction conditions previously described (Sarnbrook ct nl., 1989). PCR products were gel purified for ligation or Southern blot hybridization procedures using the Qiaex DNA purification kit (Qiagen). PCR mapping ofthe genomic DNA of the chlararriphenicol-resistant mutants, wild-type M S l l genomic DNA (negative control), and the transforming DNA (positive control) was performed using the oligonucleotides 5'Tuf, 3'Tuf and Cat described above. Total genomic DNA was isolated from ,V. gonorrhowe transformation mutants using a DNA extraction kit (Stratagene) following the procedures recommended by the manufacturer.
Southern blotting and hybridizarion experiments were performed under high-stringency conditions following the protocol previously described (Cohen, 1990> , Specific probes were intrinsically labelled using the Hoehringer hlannheim random labelling primer kit.
RESULTS AND DISCUSSION
Two-dimensional isoelectric-focusing SDS-PAG E gels of whole-cell lysates of N. gonodweat strain MSll showed that many proteins (about 11) that differ in PI migrate at a molecular mass of 44 kDa (Fig. 1 ). This same result has been seen for &-. golaorrhome strain FA19 (data not shown).
The fact that so many proteins can be observed to migrate at this molecular mass may explain why so many diverse functions have been associated with this protein. Immunoblotting of MS11 whole-cell lysates separated by twodimensional gel electrophoresis with the preabsorbed 44 kDa periplasmic antisera showed that two proteins, with calculated rnolecuIar masses of 44 kDa and 37 kDa, were recognized by the antiserum in Fig. 1 . This experiment has been repeated with N. gonorrhoede strain FA19 whole-cell lysates with identical results (data not shown).
The 44 kDa periplasmic antiserum was used to probe a lZi. gonorrhoede lambda Zap I1 genomic library. Four clones were isolated which reacted with the antiserum. O f the four reactive clones, one slow-growing E. coli recombinant clone, designated 961, was selected for further analysis. Of the four clones originally isolated, the 961 clonc produced the least amount of 44 kDa protein by immunoblot comparison of the i plaques, yet it was the only clone which did not die after the second passage foltowing rescue. Fig. 2 (a, b) shows the results of twodimensional gel analysis and immunoblotting uf 961 and host cell X1,l with the 44 k l l a periplasrnic antiserum.
There was minimal cross reactivity with E . ~o l i XL1 proteins by the preabsorbed antiserum while a protein frrom clone 961 with a molecular mass of 44 kDa was observed to react. Interestingly, in Fig. 2 (a>, a smaller molecular mass protein of approximately 37 kDa was not seen to react with the 44 kDa periplasmic antiserum in clone 961 blots. Based upon the specificity and reactivity of the antiserum, we believe we have cloned the periplasmassociated 44 kDa protein of N. gonorrhoem (Fig. 1) that the protein is expressed from an endogenous promoter element located in the cloned fragment and that expression was not solely the result of the Lac promoter in the PSI<-vector. Of note, there are striking differences between the protein profiles for 961 and XL1 (Fig. 2a, b) . This disparity in the protein profile may be evidence of a weakly grawing E. cola' recombinant. It is possible that the 44 kDa protein is toxic to E . coli and that the 961 clone may contain a truncated insert or a cloning artifact which lowers the expression and/or toxicity of this gene.
Sequence analysis of the 961 clone
The gonococcal DNA fragment contained within the recombinant clone was sequenced in its entirety and this sequence is shown in Fig. 3 . stream of the EF-Tu ORF indicates that these genes constitute a portion of the sir operon of the gonococcus.
Therefore, based upon this str operon homology, the EFTu ORF is most likely encoded by tnfA. Immediately downstream of the t?fA homologue was a potential ribosome-binding site followed by a third ORF. This third ORF coded for a protein of calculated molecular mass 11.8 kDa. This protein was searched against the databases and found to be most homologous to E. colz' S10 (Blast score 365, probability 1.0 x A Bestfit analysis of this ORF compared with E. coli S10 showed 32.5% similarity and 68.9 YO identity between the two proteins. This high percentage of identity indicates that this ORF is most likely a gonoccocal rpsJ homologue.
During the double-stranded sequencing of this DNA insert, it was discovered that the putative start codon for the tnfA gene was an ATA codon. Oligonucleotide primers were made 5' (5' GTTGAAGTGGAAACTCCG 3') of the start codon and 3' (5' TTTACCATGGTCA-ACGTG 3') of the start codon and a 424 bp product was amplified by PCR frotn the chromosome of PJ. gunorrhoeaa strain FA19 and MSl1. These two PCR products were sequenced with the same PCR primers and it was determined, as shown in Fig. 3, that and a primer located downstream of the rpsl gene (5' CAGCGCATCGGTAGTTTT 3'). A PCR product of 1.9 kb, a size consistent with that predicted, was produced (data not shown). A linkage map of thefkG, t u f A and r-sJ genes based upon this PCR data and the sequence data is shown in Fig. 3(b) . gonorrhoeae cloned fragment are sequences suggestive of a transcriptional stop signal (Platt, 1986) . This stop signal is cornposed of exact inverted repeats of 14 bp flanking 5 bases of non-homology as shown in Fig. 3 . This structure suggests that this is the end of the str operon for N . ganorrhoeae. The location of the r-sJ gene in the gonococcal sir operon is in contrast to the str operon in E. coli; the significance of this finding is unclear.
Expression of the sfr operon in E. coli is controlled by a promoter in the r -s L gene which resides immediately upstream of rpsG andfusA. In E. coli, expression of ta,fA is higher than that of the other genes in the operon. This has been in part explained by the presence of several potential promoter elements in the terminal portion of f w A (Zengel et a/., 1984) . Promoter searches of the terminal region of the gonococcal firsG gene and the intergenic region betweenfirsC and were. performed using an algorithm based upon E. cadi consensus promoter sequences (Mulligan e t a] ., 1984). Only a single potential promoter was identified, upstream of the gonococcal tz$A gene (Fig. 3) , which has a sequence similarity score of 48 % denoting a relatively weak promocer.
Processing of the N. gonorrhoeae EF-Tu protein
To determine whether the 37 kDa protein which reacted with the 44 kDa periplasmic antiserum was in fact a truncated o r a processed form of EF-Tu, antibody ~~ previously gencratcd against a portion of the gonococcal EF-Tu protein sequence (FRKLLDEGQA) known to be highly conserved amongst many EF-TuA and EP-TUB proteins (Judd & Porcella, 1993) was used in irnmunoblots of one-and two-dimensional gel5 of N. gonorrhoeae strain FA19 whole-cell lysates. This antiserum reacted with both the 44 kDa and 37 kDa proteins as shown in Fig. 4 . The antiserum was immunoblotted against the 961 recombinant clone and only the 44 kDa protein was detected (data nut shownj. These results suggest that the gonococcal EF-Tu protein is processed or cleaved to a smaller molecular mass form (37 kDa) in AT, gumrrhoeac but not in the E. GOL recombinant. Of note, previous use of this antiserum in one-dimensional immunoblots of N.
pnurrhoeae strain FA19 lysates detected the 37 kDa protein in residue extracts while it failed to detect the 37 kDa protein in whole-cell lysates (Judd & Purcella, 1993) .
Where a less dilute mixture of the antiserum was used in prcvious studies a 37 kDa protein was readily detected in whole cell lysates as shown in Fig, 4 . Evidence for a truncated or processed EF-Tu protein was recently described in a phage exclusion system i n E. cali (Yu 81 Snyder, 1994) . The exclusion mechanism was due to a prophage encoded Lit protease specific for EF-Tu.
Cleavage at a very specific and highly conserved sequence produced a 37 kDa EF-Tu fragment which halted protein synthesis as a mechanism of immunity in the infected cell. The conserved site where endogenous cleavage has been demonstrated in E. coli (Yu & Snyder, 1394) and predicted for N. gunorrhome is at position GO in the EF-TuA protein as shown in Fig. 3 . The appearance of a lower molecular mass EF-Tu protein in the gonococcus is the first example
of EF-Tu cleavage in a bacterium other than e14-containing E. cob K-12 strains and has interesting implications with regard to possible gonococcal phage exclusion mechanisms, gonococcal prophage elements, or an as yet undefined endogenous self-EF-Tu cleavage system. I t is also imporrant to note that no phage capable of infecting the gonococcus has ever been described.
EF-Tu appears to be influenced by nutrient availability and growth rate conditions, being methylated and bound to the cytoplasmic membrane during nutrient-limiting conditions (Young & Bernlohr, 1991 ; Young eta/., 1990) . The putative methylation site described for E. coli and proposed for AT. gonorrhecra is at Lys-57 in the EF-TuA protein sequence as shown in Fig. 3 . EF-Tu concentrations, in terms of freely soluble ternary complexes, have been shown to directly affect growth and translation elongation rates (Tubulekas & Hughes, 2993 The presence of heterodiploids arising during the mutagenesis of a potentially essential gene such as tzrfA is similar to the phenomenon observed with thepilA gene, a gene thought to be essential in N.gonorrhoeae (Taha etal., 1988) . These results are consistent with the notion that the ttifA gene of N . gunorrboeae is essential.
